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TITLE:: 



■i- 



[DUPUCATi 



IMPROVED KEEL 



10 



DESCRIPTION 



i ■ 

The present indention relates generally 



to 



Having an improved keel, and 
Inclusively, to a sailing vessel 



waterborne vessel 
15 particularly, but not 
having am improved keel;. 

Pin ksels (e.g. comprising a single fin supporting a 
ballast bulb) are well known in the art as a m&ans of 

j 

i i 

providing lateral stability to conventional sailing 

■ 

20 vessels. However. there are a number of problems 

i 

associated with fin keels. For example, fin keels are 



structurally vulnerable 



jto impacts and dynamic loads,, with 



flexure of a fin keel having the potential to cause 

| ; 

substantial damage thelreto, particularly if cyclically 

i » 

2 5 applied loads (e.g. due! j to waves) are close fco the natural 

! I 

frequency pf the keel-' Furthermore,, efficient fin keelB 
require a deep draught to ensure an adequate lifting 
efficiency. High aspect ratio fins suffer from a low 



mmmmmmmmmmii 
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stalling angle which can; lead to control problems in rough 
conditions, and in the w6rst cases can lead to regular loss 

1 In contrast, shorter (i.e. shallow 



of control of a vessel,; 
draught) keels may be 



* 9 

5 performance due to increased vortfix drag. 



| strong, but deliver poor upwind 



A common solution 
keels is to use a tw 



to the problems relating to fin 
in keel arrangement in which two 



shallow- draught fin keels are used instead one deep draft 
keel. Generally, the 'two keels are splayed outwards and 
10 provided with a small amount of "toe in" such that when a 
vessel is heeled, the leeward keel becomes more upright and 
is angled to best resist leeway. However, once in this 

orientation, the weather keel acts to increase heel, and 

■ 

both keels will produce 1 substantial vortex drag. Although 

! 1 

15 it is possible to design] a hull for a twin keel arrangement 

such that the weather ! keel generates reduced force with 

i 

increased heel, this Ate generally at the cost of hull 
performance. Furthermore, when sailing upright (e*g- 

! i 

produce a counter-rotating vortex. 

a significant drag penalty. 

« 

Another attempt aft' addressing some of the problems 

, ! 
If I 

relating to fin keesls is disclosed in GB 21773 53 (Rennie) F 
in which a keel is j shown which comprises a pair of 



i 
i 

downwind) , both keels ! 
20 pair which also carries 

j 



streamlined 



side fcjiXs depending (e.g. extending) 



25 sytrnnstricially from lateral sides of a hull, the. ^ide foils 
converging to a junctidn below a centre-line of the hull to 



form an enclosed flow 



through the keel 



1 path for allowing water to pass 



The . purpose of thie arrangement is 
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primarily concerned withj the provision of a keel ^hich is 
efficient in operation, j Lely' by seeking to reduce loAused 
drag experienced by the j'lceel . Accordingly, the present 
applicants tov e identified the nsed for a sailing vessel 
5 having an improved feej^l which overcomes, or at least 



alleviates , some of 



associated with 



the probl ems 

conventional keel arrangement a ■ 

I i 

in accordance witilj th* present invention there xb 

jt ravelling on water, comprising a 
comprising a meiriber depending from 
member comprising two limbe each 



provided a vessel for j 
10 hull means and a keel 
fche hull means, the 



depending from a respective lateral side of the hull means f 
the two limbs defining! jat least in part an enclosed flow 
path, extending in a bow to stern 'direction, the enclosed 



15 flow patlx being configured to allow water incident on the 
vessel to flow over inner and outer surfaces of the limbs, 



characterised in that 1 



surface which is angled 



hyd3rodynaTnic force directed away from the enclosed flow 



20 path. 



the limbs each have a zero-lift 
to generate in use a component of 



• 

In this way, a keel with an enclosed flow path (or 



' s 



"loop keel" defining k> "loop") is provided which, when 

■I i 



submerged in water in use, may result in a closed loop of 

4 i * 

hydrodynamic force, all j directed away from (tlie centre of) 

25 the enclosed closed flow path. This situation is 

I | 

equivalent to a vortex ring in a continuous flow and, 
unless an overall lateral force is being generated on the 



loop keel, should not Result in substantial vortieity being 



i 
i 

1 

' I 

' ! 



mmmmmmmmmmmm 
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In use, the ang[3l 



13 002 




i 



ling of tfa-fe sera -lift surface to 

I i 

generate an outward forpfe may v^ry the degree by which the 
flow within the eauivalerit vortex ring is accelerated; this 

!■ i 
■ i 
dix increase in the apparent inertia 
■ 

of the vessel (known in aerodynamics as the "added mass 

effect ") . This inertia] '-ravels with the vortex ring and is 

J 

experienced by the vessel as a significant indrease in 



longitudinal and roll ajadsrtia, ( a small increase in yaw and 
10 pitch inertia, and oJL increase in hea^e and lateral 

J i 

inertia. This may havej the ef fecit of reducing the violence 
of the vessel 1 s response to waves a^d other upsets 



In use, if the vessel should experience a significant 



heel angle such that fM rt of one limb is partially clear 



15 of, and above the water surface, the other, lowest limb, 



the vessel is present 

forces on the limbs off 

i ■ 

i 



by virtue o£ the angling of the aero- lift pur-face, 

IT 

generates & righting fhpment (assuming forward motion of 

At lower angles of heel, the 
the loop will tend to force water 

2 0 to fill or partially fjill the loop even when the loop is 

III 

partially above the water surface. This manifestation of 
the added mass effect also now forms an additional dynamic 

the water within the loop that has 

■ 

jstafcic waterline is now providing a 



ballast element in that 
been raised ^bove the 



25 weight -derived right ingr 



members 



moment acting directly on the keel 



Any roll diaturbande of the keel under forward 



> i 



motion may therefore 

moment . 



1 i 



generate a substantial righting 



mmmmmmmmmmm 
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At least one limb M the loop keel member may comprise 
a portion having a symmetrical aerofoil cross-section (tor 
example, at least one ,j limb may comprise a cross -section 
simile to a conventio*kl fin keel), in which case, the 



5 portion will be aligned 



!jso that water will be incident on 
the inner surface of thej limb ,so as to generate force away 
form the loop. In another fopm, at least one limb of the 

jt 

loop keel member may be cambered (for example, at least one 
limb may comprise an asymmetric foil section) to provide 



10 force generation away from the centre of the loop. In yet 

> i j 

another form, the angie of the zero- lift surface of at 

I; I 

least one limb may be variable. For example, at least one 
limb may be of variablJ camber (e.g. at least one limb may 

i j 

comprise a moveable flap) or aj portion of at least one limb 



15 may be moveable (e.g. , 



> 

bfotatable) - For example r the loop 



keel may comprise a trailing- or leading-edge flap or both, 

: . i 

or the loop keel may comprise [ one or more moveable limbs. 



i 

In this way, the limbs 



Imay be angled so as to generate a 

i 1 i 

continuous outward forcjej all around the loop- 

Ii 
2 0 If the uraos or -cjie keelj are provided with, a means to 

Lena-lift: surface, e.g. by means o£ 
flaps or rotation pf jipy parts of the limbs about their 

apparent inertia of the entire 
will-! This effect may be used to 



vary the angle of the ! 



longitudinal axes , the 

i'i 

vessel may be varied at 

r 



25 trade longitudinal irlbmentuta between the vessel and 



surrounding water wi til : only 'minimal losses- This would 
allow a vessel so equipped to transiently slow down and 



speed up without any significant variation in power input 



. ! 
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Q;ne possible use may b 



5 1 



for 



dollieion avoidance in racing- 



it nations where this could- be used as a lossless brake 



Furthermore l this effect 

•I 
■ 

field of racing since,: 
5 for a race a couple of' 

i 



may 
if a 



■ 

be of considerable use in the 



boat arrived at a start line 



seconds early f some of the kinetic 



water and then recovered 



I 

I ■ 



energy of" the boat could be feempairaxily transferred to the 

I ' m 

aftepq the starting gun had fired. 
The two limbs mky eabh coinprise a substantially 



s t r ai ght port ion . For 



10 pair of substantially 

form a V- shape (when vllewed 



example, the member may comprise a 

! 

traigHt limbs connected together to 
from the bow or stem of the 



sailing vessel) with a ''portion; of the hull means completing 

» |' 

the loop to form the enclosed ' f low path- In another form, 



15 



the two limbs may be substantially curved. 

The two limbs may; be symmetrically disposed on either 

• i 

side of a central, 1 oil grit udinal axis of the hull means . 

1 

The loop keel may be similarly symmetrical. The two limbs 



of the loop keel may % 



• I 1 



example, via a ballast Ifoulb. 



20 



connected together direct or, Eor 



For improved hydrodynamic performance , the two limbs 



may be directed (e.g. curved} 



inwards toward the hull means 



where they depend from 
two limbs may be subs 

i; 

means at the point wheire 

h 

25 objective of minimising- 

IT 1 ' 
li 

keel and the hull means 



h 

S 

.! 



the iiull means - For example, the 
■i 

antially perpendicular to the hull 

\\ 

theyfjmeet the hull means , with the 

* I 
■ ■ 

interference drag, between the loop 
and. to encourage the loop to break 



the water surface during significant heeling. It may also 
be desirable to locally* incz-ease the chord and reduce the 

r 



« : 
i 

II 



iiiiMiiiWiiM 
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camber where the limbs 
eurva t ur e expsr i enc ed 
waterline. In this way 

vessel is more or less Mriglxir. 

1 1 1 



i: 



i » 



meet 



E i 



5 
» 

the hull means to reduce the 

I 



by the longitudinal flow at the 
■wavJ/.drag may be reduced when the 



5 The vessel Tti&y be 

be propelled using at 



ja saiijing vessel (i.s. intended to 



least! one sail) , However f the 



IT 

survey craft or ferries 



I' 1 

present invention is albo applicable to non-sailing vessels 
(i.e. vessels not employing a, pail, e.g. fishing vessels, 



) ; the inertia effects the vortex 



10 ring and dynamic righting mospnt that is generated by the 
loop keel "may be of ; 



rgreat 



I 

maintain the hull in a 



the water (e.g. force; 1 

it 

• - 

15 remain subs t ant xa-LJ-y ndxmal 

j! 

as the vessel is in f<3:swa.rd 



•i.use in such vessels 



The 



righting moment generated bw'J.tha loop keel will tend to 

~ J ** III j i 1 

substantially upright position in 

i i t 



'■ the vertical axis of the hull to 
to 



in terms of ride comfort 



I'l: 

motion, 



the water surface) as long 
and has clear benefits 



and seaworthiness for any vessel. 



j : r« 

The hull means mdlv be a ntonohull or, alternatively, 

• i ' 1 1 

1 1 



the hull means may comprise a multi-hull arrangement, 

[ • r..t' 

20 provided that there igj 
loop. 



kee 1 may fur the r 



a hyc rlodynamic surface to form the 



■3 



•it 



The keel may further coiiprise a ballast portion. For 

J h ffl 

example, the loop keel [may ccmprise a ballast bulb disposed 
at a lowest part of tjhe keel (e.g. at the apex of a V- 

25 shaped loop Iceel) . AlljernatitfWly, or in addition, the loop 

Ii 1 

sub a t an t i a 1 1 y pi anar , 



I 



horizontal element disposed 

1 : 

keel member, and containing 

l! . 



omprise' a 



at a lowest part o£ the loop 
■ 

.ballast. The substantially 



■ i 
•■I 

! 

in 



i a a « j - a » a a j » ° a***»*»<_*-*an» ja»i,jaBa«a»aaq*ca.. « .. * 



IS/01 r 04 15:19 FAS 014S0 464405 



MAGUIKE BOSS 




BQ13 




planar surface may be ''configured to support the sailing 

|:j 

vessel when grounded, $,,g. beitween tides- At the base of 

B 

the loop keel, the two limbs Tanay be angled (e.g. curved) to 

snioothly meet the ballast 1 bulb. However, many of the 

' i III 

5 advantages of the present invention are also applicable for 



an lastbal lasted keel* 

An embodiment of the 1 present invention will now be 

described by way of ■ example with reference to the 

i i 1 "j'j 

accompanying drawings in ' whiicta! : 
10 Figure 1 shows a! schematic perspective view of an 

underside of a sailing .vessel embodying the present 
invention; 



Figure 4A shows a, 

> 

vessel of Figure 1; 
2 0 Figure 4B shows a ' 



Figure 2 shows a for£e diagram representing the 
vortex ring produced !by !t£te loop keel of the sailing 
15 vessel shown in Figure 1.; 

Figure 3 shows a split 

the sailing vessel of Figure 

» 

3Ch; 



I 
• i 

:i 

schematic front /rear view of 

Q 

ffcie side view of the sailing 



the sailing vessel of Figure 



sch'en%tic plan view of one half of 



> i 



3-? 

0 . 



Figure 5 shows 'thei sailing -vessel of Figure 1 

» In 



compared with a convent plon^.1 
heeling position; . 
25 Figure S shows a 



fin keel sailing vessel in a 



( schematic representation of the 



! 



i 



sailing vessel of Figure 1 asad the convention single heel 

VI 

sailing vessel of Figure 5 in;;! a cross- flow; 

Figure 7A shows a graplii; illustrating the concept of 



> 1 
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.ail ' i 



'It I 



I I.! 

1 > I 

H; 
i 

hi 



cross -sectional diagram of a 



the zero lift surface/ 

i 

Figure 7B shows \ 
oambered aerofoil; and t 

Figure 7C shows sf krde© -sectional diagram of an 



5 uncambered aerofoil- \ 

> 

Figures 1 f 3 , 4A ! 



i 



1. 



and 4B show a sailing vessel 10 

! • r 

comprising a hull 20 and a] loop keel 30, the loop keel 30 
comprising a substantially! V-| shaped looped keel member 34 
attached to the hull 20 ' at! 'two laterally spaced locations 
10 38,39. The looped keel- m^er 34 comprises a pair of 



limbs 44, each having 



; siib^tantially straight fin- like 

if , 
portions 45 which are > ptt|ached at one end to a central 

ii 



be-llast bulb 42, andii 



curvdd, upper portions 46 which 

. i t 

attach the loop keel to the 



hull 20 at the two laterally 
[The pair of limbs 44 in 

■ 

> form an enclosed flow path 

i I? 

0 through' which water may pass. 
The limbs 44 cqriiprisei! inner and outer surfaces 

i 11 E. 



J 1 5 

15 spaced locations 3 8,3.9- .| 

L > I 

combination with the hull ;20 



(a "loop" or aperture) 



(44a, 44b) which are i«donf icjured so as to generate a 
20 continuous outwards fojrca atl around the loop (this is 



directly equivalent to 

i 

For example- J 



flow) 



cambered or uncambered f cjil 



a 1 [ viprtex ring in a continuous 

! . 1 ' ;? 

if in- like portions 45 may have a 

'.; profile having a zero lift 

Ii 

surface which is angiddi tb generate a component of 

25 hydrodynamic force dia^c^ed jkway from the enclosed flow 

! ; i { j:. 

path 4 0 when the loop fceelf 3 0 passes through incident 

water. Additionally, tiJ £aii of limbs 44 may include one 

i 



or more moveable flap 



i 

■ 

I- 

» 

i 

i 

i . 

Im 



(hot 



! .1 . 
! 1 ! 



i shown) to control apparent 



■ > 
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. I 



015 



» i 



I 



• i 

i , > i 

, ! 1 111 

' ■ i 



J 



A 

l!>> 



inertia of the sailing ; vesjsel 10 



■ 

yortex ring produced by the 



schematically the equivalent 

j ! ! I 

loop keel 3 0 when sero .qveprelll lateral force is applied 



thereto < 



■ 



, -i 



Figure 5 shows vsrioub; forces acting on the sailing 

I ' | ! p] 

vessel 10 in a heeled pjobitiom as compared with the forces 



LI 



acting on a conventional sailing vessel 50 comprising a 

i i 1 1 



fin keel 52 . whereas ail t'he 1 dynamic forces shorn acting 



Figux* 2 shows 



j 



on the fin keel 52 act 



10 of the dynamic faxrees shown J a 



I i 
« i 



! 1 I 



tb; increase the heeling -moment, all 



i * 
•I 



* i 



to reduce the heeling moment 



keels is similar. 



! 



I 



I i 



fcing on the loop keel 30 act 

■ 

! The ballast effect for both 



Figure S shows the ! conventional t m keel 52 and the 

| ; ' i ! J 

loop keel 30 in a crd|ss flow. with a conventional fin 
15 kfisl, any cross -flow resiiltis in a sudden increase in 

' i ; ! I f 

r \ cirosis-flow results in a component 

i ij 



incidence- In contrast 

I 

of flow along the limbs j44! 



i i , H 



aft flow, this acts to 



When coupled with fore and 



stall resistance 



The 



'reduce the local incidence change, 

. I * | i B 

j ! I j >| 

and thereby provides improved 
20 advantages of the present .j j invention may be explained as 

sailing vessel is loaded, the 



f 1 i S'l 

follows. When the rig *oiff the 



effect is to both load jtihej Hoop keel laterally to resist 

. i ! I i 



;•! 



the rig load and to generate 

« i j i 



The effect of this on the' ioop keel is to cause the weather 



a heeling moment to le^ard. 



25 limb of the loop keelj' Itoj jbjecome more upright and. also, 



depending on the particular h design, to bzreak the water 

I l 1 «i lis: 



J I 



surface and thus disturb thp tetjuival^nt vortex ring of the 

i • i If 



vnloaded keel . 



As this jlipibj is angled to generate force 
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away from the centre of Lb* lfj>op, it is ideally pl«ed to 
generate an efficient leeway resisting force, this force is 
alec generated without reUiriiig the hull to crab as with a 

this can be used to reduce the 



conventional fixed fin ^nd 

5 ^ d» g . xtlx 1 



so 



I 1 

I 



ihds a further advantage over a 
fin keel in this conditxoX {since the other limb of the 



I 

keel (the leeward limb) 



'provides su.rfa.cie continuity 



and ants in the same 1 maniter as an aircraft winglet 



increasing the effective paspetk' ratio of the keel and thus 



leeward keel limb is offset 

:i. I- 

un, a 



,! ijfae leeward limb generates a 



10 reducing the vortex drag. 

force both downward and >io b. ijesser degree to leeward. The 

: ' i ll 

hull, due to the heeling apejLe, also moves the centre of 
buoyancy to leeward (fo;ni ^itaJklity) and the force from the 



from the centre of buoyancy to 



15 weather, this results to d' dynamic righting moment * 

i k ij ' 



The 



overall result is that 
sail to windward with 



, bh ibdp keel equipped yacht should 

1 'If IH 



; llejss 



< i > 



similar yacht equipped with, 

j j 1 ^ 

Yet a further advantage 



20 limbs of the keel w±l. 



n 



drag and less heel than a 

If in keel. 
I 

of the loop keel is that the 



ijj 

alwals offer some element of the 



working keel surface feci |the' water flow at a lateral angle. 



25 highly resistant to stall . inj 

i ! \ ! 

keel is also of a natural ly 

> I rl 



which will tend to cause a degree of cross flow ^hich has 
the effect of increasing resistance to stalling. The keel 



will thus generate lift|, to' liigb. angles of attack and be 

rough conditions. ¥h<* loop 
sturdy and stiff structural 



form and is veiy unlikely \\ to suffer from elastically 

I i i 1 i s * 



induced dynamic overloads. 



i 

'If 
if 



mmmmmmmmmm 
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If two otherwise similar- 



with a fin keel and a 
draught, the loop keeled 
similar performance to the 
5 soon as the course is such 

* 

the keel, the loop keeled 
less heel and thus a coxr 



'sailing vessels are equipped. 



r i 



competing loop keel of similar 



i 

vessel will sail dovniwind with a 

I 

fiil-keeled vessel- However, as 

•■ I • 

- as !to place a lateral load on 
Ve'skal will sail faster, with 



aspondingly more efficient rig. 



! i 



and will be more coritTOllatbly ( in extreme conditions- It 
■will also be significantly ibtrpnger . If the performance of 



10 the two vessels is matched). 



; fche loop keeled vessel will 



have a lower draught .thsin fch!e fin keeled vessel; this 



reduction in draught is ■ likely^ to be of the order of 20% to 
30%. 



i • 



i i 



'i 



i! ii 1 



mmmmmmmmm$m 
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1 

The graph of Figure 7A} illustrates the concept of the 



1 1 

zero lift surface for a cankered (i,e, asymmetric) aerofoil 

A ■ 

and an uncatnbered (symmetritjal) aerofoil, as illustrated in 



i ! 



5 Figures 7B and 7C respe'pti^el;^. The graph shows a plot of 
the lift coefficient (CL) versus the incidence in degrees 



for both the aerofoils 



•i. 



!i 

i 
i 



10 datum of the foil section 1:(i. 

■ * . 

aerofoil co-ordinates are 



The cross- section; of ;l the cambered aerofoil has two 



lines superiinposea on it f jjone of which is the geometric 



the line about which the 
fox plotting purposes) , 



the other of which represents* the zero lift line far this 

i \j. I, 

aerofoil. It should ,bd jotted that the sero lift line 



relates to a 2 dimensional ; .'aerofoil section. When this is 

.'! Ii 

15 related to a real foil surface the zero lift lines of 



every local aerofoil section 



l!' 



zero lift surface. This may 



■ merge together to form the 

i 

ibe planar but in the case of 



■ 1 1 ■ 

5 5' 1 

a non-planar foil this jneed not be the case- 

As shown, at an angle' cjfe incidence of sero degrees, 

. ! > f 

ixl will II. 



2 0 the cambered aerofo 



However, at an angle j;of approximately minus two degrees 



the lift generated is !ser© 



sero lift the cambered « aerojfop.1 must be set at an angle to 

;::! 

the flow of about minus two; degrees and this flow datum is 

1 I* 

25 shown on the cross-sfectioil of the chambered aerofoil as 



generate positive lift 



This means that to generate 



the aero lift line- 



M 

"! 



Tin* lift slope for the!] uncambered aerofoil i^ also 
shorn on the graph- In contrast to the cambered aerofoil r 



1,; 
si' 

1.H 
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this arrangement produces 



In this c;as 



i 

r I 



section or form including JflJat plates and bluff bodies, 



the zero lift line coincided 



5 the body oar foil. 



! 



I 
I 

L X 

U 



lift at &n incidence of 
and for any symmetrical 



with the axis of symmetry of 



The lift gradient T^ith incidence of both the 



I 



! I' 



symmetrical and cambered f cards is similar. The corollary 

i j 1 ' 

of this is that over i the ^ajip proximately linear range of 



li« 



foil behaviour the 
1Q incidence of the zero 

undisturbed fluid flow 

! 

fluid in the absence of 



t is, directly proportional to the 
ft line relative to the 
{i.e., the flow axis of the 



i 

it"* *i 



theijfdpiil) , 



• 

is 



I! 

; « 



i 

li 



ii 



i 



!! 



II 
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